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STRUCTURAL MODIFICATIONS OF PYRRHOTITE AT PYRITE-
PYRRHOTITE DEPOSITS OF THE MALÉ KARPATY MTS. 

(Fig. 1-15) 

A 1> s t r a c t : The Malé K a r p a t y p y r i t e depos i t s a re c o n s i d e r e d as c x h a l a t i v c -
sed imenta i ' y , genet ica l ly l inked w i t h the s u b m a r i n e d iabase v o l c a n i s m of Lower 
Paleozoic age. T h e s u l p h i d e s u l p h u r w i t h negat ive S S , !/ | va lues is of b iogenic 
or igin. 

I n p e r i p l u t o n i c a l l y m e t a m o r p h o s e d p a r t s of the p r o d u c t i v e /.ones h e x a g o n a l 
a n d m o n o c l i n i c p y r r h o t i t e s occur . P u r e l y m o u o c l i n i c p y r r h o t i t e s w i t h o u t accom­
p a n y i n g h e x a g o n a l ones a re q u i t e r a r e . Ores exc lus ive ly formed by the hexa­
gonal t y p e h a v e n o t h e c n Found. 

Character i s t ic of the ore m i n e r a l i z a t i o n of the M a l é K a r p a t y Alts, is the com­
m o n o c c u r r e n c e of both s t r u c t u r a l types , wi th q u a n t i t a t i v e p r e v a l e n c e of the 
h e x a g o n a l t y p e . A c c o r d i n g to the i n t e r p l a n a r spacings va lues the c o n t e n t of Fe 
a t t a i n s i n i t 47,3—47/i at . % . 

B o t h s t r u c t u r a l t y p e s also differ in the c h a r a c t e r of d i s t r i b u t i o n of ,\i. do a n d 
o b v i o u s l y also of o t h e r m i c r o e l e m e n t s . This is the1 result, of different genet ica l 
c o n d i t i o n s a n d s t r u c t u r e s : 

In h e x a g o n a l p y r r h o t i t e s , as a c o n s e q u e n c e of m o r e s table P-T-condit ions of 
f o r m a t i o n , of o r d e r e d s t r u c t u r e s a n d a m o r e u n i f o r m offer of .\i a n d do, the 
limits of v a r i a t i o n s in Ni a n d do (as well as of o t h e r m i n o r e lements) c o n t e n t s 
are r e l a t i v e l y narrow. 

M o n o c l i n i c p y r r h o t i t e s a r e on the c o n t r a r y c h a r a c t e r i z e d by g r e a t e r v a r i a b i l i t y 
in Ni a n d do c o n t e n t s : as a c o n s e q u e n c e of a b u n d a n t , lattice defects, lower 
t h e r m a l i t y as well as of v a r i a b l e offer of .\i, do and trace e l e m e n t s in genera l 
d u r i n g the i r format ion. 

At the M a l é K a r p a t y depos i t s the laLcr origin of monocl in ic p y r r h o t i t c m a y 
be t raced v e r y well, s t a r t i n g from g r a i n b o u n d a r i e s a n d fissures in the h e x a g o n a l 
type . W e s u p p o s e t h a t th is t r a n s f o r m a t i o n look p l a c e by the ac t ion of re la t ive ly 
l o w - t e m p e r e d p r o b a b l y c a r b o n a t e - h e a r i n g so lut ions on h e x a g o n a l p y r r h o t i t e s . 
A p a r t of h e was carr ied a w a y a n d the newly formed m o n o c l i n i c p y r r h o t i t e s 
are also c h a r a c t e r i z e d b y different p a t t e r n of m i c r o e l e m e n t s d i s t r i b u t i o n . 

P e 3 i O M e : B MexaMop<|>HHecKH H3Mei-ieHHbix ynacxKax cyjibcfn-ijiHbix Mecxopo>Kiie-
HHM Majibix KapnaT HaxoiuxxcH reKcaronajibHaH H MOHOKJiHi-iHaa Moji,Hi:[>HKaii:HH 
nnppoTH.ua; B cocTaBe pyu npeoojianaer xeKcarOHajibHaa <i>a3a, B Koxopon cojiep-
iKanne F e n o c r a r a e T 47,3 — 47,4 ax. % . M O H O K J I H H H H H ntippoxi-iH so3HHKaex nos-
>i<e, saMemeHHeM n ero nosiBjienne nocxynaex ox i<paa 3epeu H xpeurnn B reKca-
roHajibíioii Moanc])HKai;uH non BJiHimneM HH3K0TeMnepaxypHbix, Bepoaxno KapGo-
naxHiix pacxBOpoB. TJeiicxBHeM STHX pacxBOpoB Fe H3 reKcaronaJibHOro nitppoxHH.'i 
BbiHOCHxcH H H3MeHHexca xapaiixep pa3jiejreuHH MPii<po3JieMeHxoB B oxjiejibHbix 
MOUHcjiHKauHJix. B cjieacTBi-ie pa3JiHHHbix ycjiOBHH o6pa30B3HHH H THna cxpyKxypbi 
MOHOKJIHHHHH nHppOXHH OTJIHHaexCÍI OX rCKCarOHaJIbHOrO OOJIbUjeii H3MeHHHBOCXbIO 
coaep>KaHHH Ni u Co. 

Introduction 

I lie minerals ol pyrrliotitc-troilitc group are marked not only by complexity of 
slľiiľliiľľs bul also by variability of chemical composition. The beginnings of detailed 
investigation ol some asperts ol ibis group reach linek lo lbe 30-ics. I hnvover, mainly 
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in [líc hisl decade an u n c o m m o n upswing of theoretical investigation oľ the individual 
members of lbe group and tlie Fc-S system in general as well as of studies and 
interpretations of members occurring u n d e r natural conditions set in. 

Pyrrhoti le is often found in various genctical types of West Carpathian deposits, 
in ore indications as well as accessory mineral, mainly in melabasic nicks. 

On representation of individual structural types of pyrrhoti le in the West Carpa­
thian system dala of any kind have been lacking unti l lately. T h e first information 
in lliis regard lias been supplied by the s tudy of the authors of this article (J. K a n -
t o r — .1. 13 u r k o v i č o v á 197.'!. in press) dealing in detail with distribution of 
monoclone and hexagonal pyrrhotites and their mutual relations at the Heľpa deposit. 
It has been established that the hexagonal pyrrhot i le is an older product of mcta-
m o r p h i s m : the monoelinie originated b y its replacement — by removal of Fc by lower-
temperature solutions. Similar conditions have also been found in the limited sample 
material also from oilier pyrite and pyrite-polymclallic deposits (e. g. Zlaté Hory). 
Regarding to the differences in genctical conditions of both structural types 
of pyrrhoti le the view of unequal possibilities of entrance of trace elements in their 
lattices and consequently also of the need of separate investigation of microelements 
distribution in hexagonal and monoelinie pyrrhotites has been expressed. 

The present, article is a cont inuat ion in our investigation of structural types and 
provides results on a more detailed s tudy from the pyrite-pyrrholite deposits of the 
Malé Karpaty area. 

Geological selling (mil ore depusils 

The works striving to clear up geological development and ore deposits m our 
westernmost Core Mountains — the Malé K a r p a t y Mls. — are dated back to the half 
of the lasl century (F. A n d r i a n — C. M. P a u l L86/i). Continuing are sporadical 
investigations of I I . 1! e e k — II. V e t i e r s (190í) . R. L a c h m a n n (1915). 
V. Z o u b e k — 1. K o u t e k (1936) and others. They all provided results, correspon­
dent to the time, in which the investigations were carried out. and to the applied 
methods of research. 

The year 1950 brought, a turn lo systematic investigation of the Malé K a r p a t y 
crystall ine and ils mctallogcnesis. In il participated in the first place R. C a in h e 1 
(13. Ca m b e l 1950, 1 9 5 í . 1956, 1960, R. C a m b e l - C. K u p č o 1952. L965. 
15. C a m b e I — M. R d h m e r 1955. 15. C a m b e l - .1. V a I a c li 1956. 15. C a m-
b e l - .1. . l a r k o v s k ý 1967. 1969. Si. P o l á k 1956a, b . I. Č i l l í k - P. S o ­
b o l i é - 15. 7, á k o v s k ý 1959. 15. Ž é k o v s k ý 1962). 

Owing In these authors the Malé Karpaty Mls. al. present belong lo the most 
thoroughly studied areas of the West. Carpathian crystalline. In the light of their 
investigations the geological structure appears as follows: 

The essential part, of the crystalline is formed by grani toids : 
1. The Modra Massif in the north, mainly represented by biolile granodiorites. 

Subordinalely more loucocrnlie two-mica granodiorites are found there. 
2. Bratislava Massif, more extensive, in the southern part of the mountains . Il 

consists of inuseovile-biolite-quarlz granodiorites with local development of Iwo-iuicn 
granites. In the massif are abundant pegmatite vein bodies. 

The crystalline is mainly developed in the Pe/inok-Pernck area in the depression 
separating both granitoid massives as well as along the western margin of the Brati-
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sláva Massif. In tlie granitoid intrusions blocks of the crystalline schists of various 
size are also louiid. 

The crystalline schists are of purely sedimentary as well as volcanogenic origin. 
rl hey originated from predominant ly psammitic, more subordinalely from pelitic sedi­
ments, alternatig as a consequence of Flyschoid sedimentat ion. In places accumulat ion of 
organogenic material look place, from which graphit ic schists have formed. 

The eruptive components of crystalline schists formed due to intense manifestations 
of basic, submar ine volcanism. From sediments with small a d m i x t u r e of pyroclastic 
material originated quartz-actinolite phyl l i tes; from pyroclaslics — actino-schists. The 
amphibolites correspond to former effusive members of diabase volcanism whilst the 
spoiled amphibolites with feldspar pbenocrysts are considered as its metamorphosed, 
hypabyssal members . 

According to investigations of B. C a m b e l the Malé K a r p a t y crystalline was 
characterized b y regional cp imetamorphism prior to the intrusions of granitoids. Tls 
grade increased (meso- to cala-) as a consequence of pcriplutonic contact m c t a m o r p h i s m 
by Variscan granitoids, from which biotitc mica-schists to gneisses [•(•suited. 

The effusive-sedimentary complexes are considered as Lower Paleozoic — Devonian 
in age. In favour of such an assignment points B. C a m b e l s find of Devonian 
crinoids from carbonate sediments of the H a r m o n i a (cpimotarnorphic) C r o u p . 

Pyrite deposits are found in the Pczinok-Pernek section of the crystalline in the so 
called productive complex consisting of actinolitc and graphite schists. This is incor­
porated between the so called underlying and overlying amphibolites, which represent 
mightier effusions of diabase rocks. 

According to the geological maps five zones of more or less mineralized actinolitc 
and graphite schists are exposed, converging in strike toward lbe SK part of I he Pczi­
nok-Pernek crystalline. 

'I he genesis of deposits was not sufficiently cleared up for a long lime and the 
pyrite-pyrrholi le mineralization was ascribed a bydrolhcrmal or liquation origin: the 
latter obviously because investigation was restricted lo material of dumps from high-
grade metamorphosed parts. 

Only on the basis of rich material from extensive bore-holes and mine workings 
il was possible lo arrive lo the present-day view ol exhalat ive-scdimentary origin of 
ore mineralization (St. P o l á k 1956, Ií. C a m b e l L956). 

The mentioned zones ol' productive aclinolile-graphile schists are lbe bearers of all 
significanl accumulat ions of pyrite ores. 

1 he southernmost of them is interrupted by an offshoot of granitoid intrusion in 
the central pari . In its southeastern segment, are found pyrite and ant imonite deposits 
(Ferdinand. Karol. Pod Kolárskym vrchom), in lbe northwestern segmenl is located 
the pyrite deposit of Turecký vrch ((Rudolf). 

The more northerly lying productive zone (fig. D contains lbe mightiest ore bodies 
ol lbe Malé Karpaty crystalline — lbe deposit Augustín, which in SE direction is 
linked with less important mineralized sections Nádej and Kristína. This area is 
pierced by several granitoid bodies and displays highest melamorphism of pyrite ores 
manifested in a b u n d a n t representation ol' pyrrholi te. Toward NAY the intensity of 
mctamorphism decreases: west of the Ml. Ťmele slightly altered pyrile-graphile-quartz 
ores occur ('Si. P o l á k l!)ľ)(i"). 

A lower grade ol' mctamorphism display also ores ol' the Pernek deposit, where with 
pyrite also Sh-ores were exploited. 
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ľig. I. Geological sketch map of llie environs of the deposit Augustin in Pezinok. Modified 
from I!. C Minh c I. St. P o l á k and H. Ž á k o v s k ý . Explanations: L — pyrite-pyrrhotite 
deposit, '1 — actinolite schists. 3 — amphiholites, !\ — graphite schists, ó — biotite phyllites, 
mica-schists and gneisses, fi — Mcsnzoic of the Malé Karpaty envelope unit. / — granitoid 

rocks. 

The last productive /.ono — of Kuchyňa — contains pyrite and Sb-mincralization ol 
little importance. 

T h e common occurrence of both types of ores (FeS 2 . Sb) in the same productive 
/.ones also at the same deposils is a feature remarkable of the Malé K a r p a t y mctallo-
genesis. So Ear it has boon explained by superimposit ion of younger, postgranitic 
hvdrothermal ore mineralization on older cxhalat ive-sedimcntary type of pyrite mine­
ralization (B. C a m h e I 1956. R. Z á k o v s k ý 1962. St. P o I á k 1956a). 

One of the authors of this article (J. K.) has proved that in pyrites of these ores 
su lphur of biogenic origin dominates and is not lacking even in some Sb-mmerals 
(,[. K a n t o r — B. C a m h o I 1972). This fact as well as the tendency to consider 
the Silurian also in the area of neighbouring Austria as significant bearer of syngenclic 
Sb-accumiilations (A. M a u c h e r 1965, A. M a u c h c r - R. H o l i 19681 require 
a more prof id s tudy of this problem. For the time being al the Dionýz Stůl Institute 
of Geology invoslignlion of su lphur isotopes distribution is being continued particularly 
regarding lo lighl biogenic su lphur and lo possible processes ol ils assimilation by 
granitoid magma and remohilizalion. 
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Mineral composition of ores 

The puragcnctic association of sulphide minerals ;il the pyrilo deposits is s imple: in 
little metamorphosed types of ores pyrite is almost the only sulphide, insignificant 
amounts of chalcopyrite and sphalerite are usually associated with it. The contents of 
(lu and /.a vary in hundredths of per cent and only exceptionally reach tenths. 

In intensely metamorphosed parts of productive zones pyrrhoti le becomes more 
important , as it is particularly the case in the area of the deposits Augustín. .Nádej 
a n d Krist ína. In places pyrite mineralization may be almost lacking there. 

Other members of paragenetic associations are nonmelall ic minerals, which are com­
monly mel in llie country rocks of sedimentary, volcanic-sedimentary or only volcanic 
origin. They occur in ores in very variable a m o u n t s : in rich, compact ores they are 
little represented, in poor impregnation ores forming the essential portion of mineralized 
material. They are mainly quartz, graphite, aclinolile. amphiboles, biotitc, muscovile, 
chlorite, carbonates, rulile. i lmenite. etc. 

According to mineral composition belong to industrial types quartz-sulphide, quartz-
graphile-sulphide and amphibole-sulpblde ores. They all can be mutual ly linked with 
gradual transition. 

Accessory sulphides are practically found in all rock types of the Malé K a r p a t v 
crystalline. 

Although pyrrhol i te is a significant mineral of the Malé Karpaty pyrite deposits, 
except for a brief note of the authors of ibis article (J. K a n t o r — .1. Ď u r k O v i-
č o v á 1973), any other published dala regarding Its structural type are lacking. To 
clear up ibis I act we examined material of various genetic origin and were more in 
detail focused on the largest accumulat ions of this mineral from the area of the Augus­
tin deposit. 

For identification of these individual structural types the method of magnetite sus­
pensions, etching by means of 111 and CrOn, X-ray diffractomeler data and part ly also 
electron microprobc analyses were applied. 

T h e diffractograms were obtained b y aid of diffractometcr Mikrometa II with gonio­
meter GON-03 of the firma Chirana and with F e K a radiat ion. The shift of goniometer 
was l/4°2<5 in a min. with a rate of record 600 mm per hour. At the diffractograms 
in the 55—57/26) interval hexagonal pyrrhol i tes arc marked by one peak corresponding 
to d (102); monoclinic ones b y two peaks with equal intensity for d (202) and d (202). 

Corresponding to the mixtures of both structural types of pyrrhol i te are diffracto­
grams with the first peak (lower values of 20) exceeding the second one. The ratio 
ol reflection intensities is proportional to percentage representation of hexagonal mo­
dification in the mixture (fig. 2). 

f rom the diffractograms lbe values for d (1.02) + d (202). d (202) as well as the 
average value d (102) + (202) + (202) measured below lbe level of resolved 202 
reflections were calculated. As internal s tandard was used Brasilian quartz with a value 
5 /i.l7°2$ I'VKa for the (202) reflection, which served for calibration. 

I'he results are summarized In table I. where beside lbe d-values are given in the 
last column also approximated percentage contents of hexagonal modification in mix­
tures of both types of pyrrholite. 

In one sample no. (i with lbe value d (202) = 2.060 A is present exclusively mono-
clinic pyrrboli le. In other samples d (102) + (202) varies from 2.062 lo 2.067 A and 
the analysed material represents a mixture, in which lbe hexagonal modification mostly 
predominates oxer lbe monoclinic one. 
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PZ-62 
Fig. 2. X-iuy diffructogram of reflections 
(102), Í202). '202: o£ pyrrhotites from bore-

l'iolc PZ-62. 

In tablo I arc also given the values for 
pyrrhotites from borehole PZ-62 penetra­
ting across a mighty ore lenticle of the 
deposit Augustín (fig. 3). Corresponding 
diffľaelograms according to depth arc pre­
sented in fig. 2. According to records ol 
the members of the Geological l ixploration 
pyrrhoti tc al this deposit is mainly found 
in marginal parts, more; in the upper part 
of ore bodies. Represented are both modi­
fications. A similar situation we meet also 
al the deposit Kristína (fig. 4), where lbe 
samples were taken not far away from the 
granitoid body. 

When the method of R. G. A r n o I d — 
L lí. lí e i c h e n (1962) is applied, for 
iron-richest hexagonal pyrrhotites we exa­
mined from the Malé Karpaty region be 
contents up to 47,3—47,4 atomic % result. 
The same upper boundary was also found 
in hexagonal pyrrhotites From l l e l p a (J. 
K a n I o r — .1. I) u r k o v i e o v á I. c ) . 

Microscopically identified hexagonal 
pyrrhot i tc (fig. 6) from a sample of the 
boring PZ-62 has been analysed for the 
he and S contents by the microprobe tech­
nique too '.I. K r i s t i n ) . Results: 61,44 
wl. % of iron and 39,46 wt. % of sulphur. 
The corresponding crystallochcmical for­
mula Fo8,niSio,no ' s m g'1111*! accordance 
with the X-ray dala. 

Mutual relations between hexagonal and 
monoclinic pyrrhotites were studied u n d e r 
the microscope by means of magnetite sus­
pension and etching. 

Ores containing only the monoclinic type are rare in the Malé Karpaty Mls. — so­
metimes they are found in disseminated, poor ore mineralizations and among accessory 
sulphides. 

So far we have not been able to find ores with the hexagonal modification as only 
representative of pyrrhoti tc though il distinctly predominates in lbe Malé Karpaty. 

Pyrrhoti tes of Ibis area are mixtures of bulb structural types. Their quant i tat ive 
ratios are variable also al very small distances. 

The mosl frequently prcsenl mutual relation is shown in the mieropholograpli fig. • >. 
I,, greater accumulat ions of hexagonal pyrrhotitc narrow vein-like bodies ol monoclinic 
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T a b l e I 

No 

oa 
5b 
fi 
7 
8 
9 

K) 
II 
12 
t.'i 
ľ, 

d (102) + (202) d (202) 

2.00;") 
2,065 
2.067 
2.063 
2,062 
2,062 
2,064 
2.060 
2.065 
2,063 
2.062 
2,064 
2,065 
2.062 
2,004 
2.062 

2.050 
2,052 
2,054 
2.051 
2,04í) 
2.050 
2,051 
2.050 
2.051 
2,040 
2.04í) 
2,052 
2,052 
2.050 
2.050 
2.051 

,1 (102) + (202) + 12021 ; % hex. po 

2.058 
2,061. 
2.062 
2.058 
2,057 
2.058 
2.05í) 
2.055 
2.060 
2.057 
2.057 
2.058 
2.060 
2.057 
2.060 
2.058 

hxplaiialions: I — Bratislavu, Železnú studienka, quarry, 2 — Lamač, crematorium, quarry. 
3 — Cajla. Cnielľ ll-adil, 4 — Cajla. Augustín liorná-adil. 5 — Cajla, Augustín horná-adit, 
6 — (lajlii, Augustín lioruá-adil. / — Cajln, Augustín deposit, boring IV.-62 34 7 in 8 — Do 
43,0 m. íl - Do, 48.0 in. Ill - Do, 64.5 in. II - I),,. 121.7 m. 12 - Do. 131.0 m; 13 - Cajla; 

líýliova-adit, 14 — Cajla. Kristína deposit, boring PZ-24, 25.6 m. 

modilication develop along fissures and grain boundaries. Willi proceeding al terna! ion 
lliey may by extended. 

In lig. li hexagonal pyrrliotile in the ľorni of irregular corroded grains will) lobale 
deliininalion amidst the monoclinic type is shown. 

I lie marginal parls of grains of hexagonal pyrrholi le are usually replaced by mono-
clinic one — fig. 7. 

In Iranslalionally twinned grains some pails may he also replaced by monoclinic 
pyrrholi le, whilst in adjacent grains an intact, hexagonal modification is preserved 
(fig. 8. right and left of ihc centre). 

Monoclinic pyrrhol i le sometimes forms also along the conlacl of hexagonal pyrrliotile 
wilh other minerals, c. g. chalcopyri lc (fig. !). 10). 

The mentioned relations arc generally common in ihe ores of the Malé Karpaty Mls. 
I'hey testify to an earlier origin of hexagonal pyrrholi le and its subsequent replacement 
by monoclinic modification. 

Already Si. P o l á k (1.95(5) called atlenlion to the facl thai in epimelamorphoscd 
crystalline sulphides of the deposits as well as accessory ones are represented by pyri le; 
in parts with intense periplutonic melainorphism caused by granitoid intrusion — by 
pyrrhoti te in turn. Although ibis dependence is obvious, in close vicinity of man v veins 
and apophyses of granodiorite intersecting Ihe pyrile deposits, no alleralion of pyrile 
into pyrrholi le has been observed. So he concludes lhal pyrrbolinizalion was supported 
by the thermal eflecl of granitoid magma, combined wilh ihe acliou of easily volatile 
constituents. 

Although the processes leading to transformation of pyrile into pyrrholi le may be not 
cleared up in details, our investigations show lhal perhaps without exception in 
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Fig. 3. Vertical scclion through the deposit 
Augustín in Pczinok. according to St. P o-

I á k. Explanations like in ľig. I. 

|-V. ',. Vertical scclion llimugli the deposit Kristina in Pe/inok. according 
l,, St. P n 1 á k. Explanations like in tig. I. 
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Fig. 5. Hexagonal pyrrhotitc in initial stage 
ol roplacemenl by monoclinic modification 
(dark-grey) along fissures and grain bounda­
ries. Covered with magnetite suspension. Pe-
zinok, borehole PZ-62, polished section, mag-

iiil. 150 X 

I'ig. /. Hexagonal pyrrhotite replaced from 
the margins by monoclinic (magnetic domains 
covered with magnetite — dark-grey). Lamač, 
quarry near the crematorium, polished section, 

magnif. 150 X. 

Fig. 6. Relies of hexagonal pyrrhotite (light-
grey) in monoclinic pyrrhotite (light-darker-
grey spoiled, covered by magnetite powder) 
Amphiboles, quartz — blackish-grey. Pezinok, 
borehole PZ-62, polished section, inagn. 151) X. 

•"BAC 

I'ig. S. Hexagonal pyrrhotitc with 
monoclinic modification. The latter 
in the translationally twinned part 
the centre — covered with magne 
nok. Augustín adit. Polished soolii 

I 1.0 X. 

patches of 
originated 

(right from 
tile), l'ozi-
'ii. magnif. 
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Fig. í). Space bcLwcen porphyroblasls of am- ľig- 10. Like fig. !) — detail. Contact of hexa-
phibole (black) filled in with pyrrhotilc and gonal pyrrhotite with chalcopyrite bordered 
chalcopyritc. In hexagonal pyrrholile along by monoclinic modification. Polished section, 
fissures, margins and the contact with cbalco- inagnif. 450 X. 
pyrite is developed a narrow rim ol mono-
clinic pyrrliolitc (dark-grey — covered with 
magnetite). I'e/.inok, llyhova adit, polished 

set-lion, inagnif. 150 X. 

I lie first stage hexagonal pyrrholi le originated with higher ľ'c eonlcnl up to 17,3—47/t 
atomic /n. 

As far as pcnl landitc is proseni in pyrrholi le. always ils hexagonal modification is 
concerned. IVnllandile has mil been known from lite Malé Karpaty region so far. W c 
have found il a m o n g accessory sulphides from amphiboli les . Most often il occurs in 
the shape of typical hush-like forms (fig. I I ) or in flame-like shaps no I rarely near 
microdislocations and fissures (fig. L2). searenrly also in the shape of elongated, rodlike 
Forms (fig. l.'i). 

Monoclinic pyrrhol i le is characterized by high contents of su lphur and lower ones 
of iron. In lbe Malé K a r p a t y region there exist differences both in the age as well as 
in ihc he and S contents between hexagonal and monoclinic pyrrholi les . Both m a y be 
explained by later removal of Fe from hexagonal pyrrhoti tc b y the effect of relatively 
low-temperature waters. 

Such an origin of monoclinic pyrrhol i le was postulated first by A. I). G e n k m 
el al. (li)(>r>) for some deposits of lbe Soviet Union and by the authors of this article 
fur |.he pyrrhotile-pyrile deposit of Heľpa (.1. K a n t o r — ,1. I)u r k o v i č. o v á 
197.'}). 

Such a possibility has been demonstrated experimental ly by the action of sodium 
bicarbonate solutions on hexagonal pyrrholi le in the temperature interval 1.75—200 °C 
!(). O e l s n e r - ľ.. S I a r i c e L96a). 

!n the course of our investigations we had a very restricted but welcomed possibility 
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ol analyses on |hc m i c r o p r n b e . for w h i c h we also express o u r t h a n k s [o .1. K ľ i š 1 i n . 
I he ivs i i l ls are s u m m a r i z e d In table 2. 

I he sample no. 1/10 Is an accessory hexagonal p\ r r h o l i l e f r o m ampl i ihol i t .es. Il 

conta ins p e n l l a n l l d e ( f ig. 12. 14). R e m a r k a b l e is l.he r e l a t i v e l y h igh c o n l e n l of Co. in 

spi le of l h a l i m p r e g n a t i o n s in a s m a l l b l o c k of a m p h i b o l i l c s enclave in the Brat is lava 

g r a n i t o i d massif are concerned. In p y r r h o l i l e w i l l , analogous geological pos i t ion IV 

Rača near B r a t i s l a v a I!. C a m I, e l - J . J a ľ k o v s k ý (lí)G!)) ľ o n n d s i m i l a r concen­

trat ions oľ Co and t h e y seem not lo he rare here. Kor the m a j o r i t y of p y r r h o l i l e s 
l l m v , ' V I T — : l l s " ľ r o m intensely m e t a m o r p h o s e d parts of the c r y s t a l l i n e — t h e y report 

essent ia l ly lower Co contents. T h e r e f o r e there seem lo exist enough except ions to [he 

t e n d e n c y oľ decrease in Co contents In p y r r h o l i l e s w i t h increasing i n t e n s i t y oľ mela-

n i o r p h i s m q u o t e d b y t h e m . 

For other samples q u o t e d In lahle '2 the c h e m i c a l c o m p o s i t i o n is a l w a y s g i v e n lor 

Lhe hexagonal m o d i f i c a t i o n (sub a) and m o n o e l i n i c (sub h). f o u n d in direct contact w i t h 

Ihe f o r e g o i n g one. C o m p a r i s o n of these t w o analyses shows that hexagonal p y r r h o l i l e s 

are m a r k e d by a more stable chemica l c o m p o s i t i o n and the i r M - and Co-conlenls (and 

o b v i o u s l y of other elements loo) v a r y w i t h i n n a r r o w l i m i t s . In m o n o e l i n i c p y r r h o l i l e s 

lhe c o n t r a r y is f o u n d and in lhe samples analysed by us also a t e n d e n c y lo a decrease 

" ' N' ' " •'""trast lo lhe hexagonal m o d i f i c a t i o n m a y be observed. In sample G/M the 

: ' l , n l r n l "[ X i V'"''<'<1 !>l l l io Invcl of b a c k g r o u n d o n l y . T h e last sample - a | • 

i m p r c « i i ; , l i o i i ore in a c l i n o l i l e sch ist : the ľoregoing Iwo r ich p y r i l e - p y r r h o l i l e ores. 

http://ampliiholit.es
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[i'iir. i:;. Pyrrliolitc-pvrilc impregnations m 
ampliibnlitc. In pyrrhotilc elongated pcntlan-
,lilc Lociilitv like i" ľip;. II . Polished section, 

magii. 600 X. 

|."i,r. |/j. [.ike ľig. 1.2. Dislľiliuti ľ nickel, 

The differences in chemical composit ion arc in good accordance will) different genetic 
composi t ions: a) in hexagonal pyrrhotitcs with higher thermali ty. ordered la t t ice more 
uniform and stable offer of Ni and Co during the ľormation of pyrrhot i te , b) in mono-
clinic pyrrhotitcs with lower thermality, more a b u n d a n t defects in the structure, more 
variable offer and mobil i ty of elements during leaching and transition of hexagonal mlo 
monoclinic modification. 

Quite equal tendencies in the Xi contents as those found by us in Malé K a r p a t y ore 
mineralizations are mentioned from the deposit Slra lheona mine. Sudbury in Canada 
by I). S. V a u g h a n el id. (1971). The absolute contents of Ni are. of course, higher 
regarding to the different genetic type of deposit. 

Both structural types of pyrrhoti te of the Talnakh Cu-Xi deposit in the USSR. 
which arc found there in .'! generations, were also examined lor the contents ol Xi and 
Co by mier •obe (N. X. S i š k i n el ill. 1972). Also here hexagonal pyrrhotitcs are 
characterized by less variability, mainly in Xi contents, than the monoclinic ones. In 
conlrasl lo the Malé K a r p a t y Mts. and Slralheona mine, however, the absolute amounts 
of Xi in hexagonal pyrrhotitcs .are lower. 

| n figure I ô .are compared the ranges of Xi and Co concentrat ions found by us in 
the Malé Karpaty hexagonal and monoclinic pyrrhotitcs with the results mentioned 
|,v I!. C a m b e i — .1. J a i ' k o v s k y (I. c.) on the basis ol spectral analyses of 
mixtures of hi,lb modifications. Regarding to the I'ael thai purely monoclinic or bexa-
„• ,| modifications and the application of the microprobe arc concerned in one case. 



S'ľ l írcľ l l\AI. Momi-'ICATMIX -y,:) 

T a I) I 

Malé Karpat v 
Mts.1 

Tiihiiikli 
depnsil-
USSR 

Xo 

1/10 
4 '8a 
l3/22a 
62/131a 
62 8a 

4 81) 
13 221) 
112/13]], 
62 8b 
6/14 

L gen. 
II. gen. 
l i l . gen. 

l . g c n . 
11. gen. 
II [ .gen. 

Xi (0 

range 

0 . 2 7 - 0 . 5 0 
0 ,28-0,41 
0 . 3 1 - 0 . 3 8 
0 . 4 1 - 0 . 4 8 
0,25—0,33 

0 . 2 4 - 0 , 4 4 
(1.03,-0.36 
o. Ill—0,4í) 
0 . 0 1 - 0 , 6 4 

Ir. 

0. ľ , - 0 . 3 2 
0 . 1 5 - 0 , 3 3 
0 . 1 5 - 0 , 2 0 

0.111-0.92 
0 . 1 8 - 0 , 9 0 
n. 1 3 - 0 , 2 3 

0 , 6 8 - 1 , 0 1 

0 , 3 6 - 1 , 0 4 

>) 

0 

0,41 
0.39 
0.35 
0.44 
0,29 

0.35 
0.28 
0.3,3 
0.23 
tr. 

0.24 
0.22 
0,18 

0,41 
0,39 
0,18 

0,85 

0.50 

r a i 

0. Ki­
ll 
t i 
li 
U 

0 
0.00-

ll 
ll 
ll 

0,03-
0 . 0 3 -

0 .05-
0,05-
0 .05-

Co i" 

ge 

-0.19 

— 

-0.06 

-0.06 
-0.06 

-0.08 
-0,07 
-0.07 

o) 

0 

0,16 
tr. 
tr. 

0.05 

tr. 

0.05 
0,05 
0,04 

0,06 
0,06 
0,06 

St ruct . 
type 

hex. 
box. 
hex. 
Ilex. 
hex. 

m o n . 
m o u . 
m o n . 
nit.n. 
m o n . 

hex. 
Iu>x. 
hex. 

mini. 
n u m . 
n u m . 

hex. 

mini. 

Strathcona 
mine'. Slldburv, 

1 This paper, - X. X. S i s k i n el al. 19/2. sallies I'm' various generations. :; 1). S. Va 
li a n el al. 1971. 

mixtures ni hot h modifications and spectral analyses in the latter ease, the accordance 
ni results, mainly as to variation ranges in chemical composition is relatively good. 

Our investigations have shown the existence of differences in the character of Xi 
and Co distribution between hexagonal and monoclinic pyrrhotites from the Malé 
Karpaty Mls. The established variation ranges are based on a relatively small number 
nl analyses, biirlber systematic investigation of a larger number of suitably chosen 
samples can therefore bring more precision In our data, mainly as In the limits of 
contents. 

In the foregoing work (.1. K a n t o r — .1. 1) u r k o v i č o v á I. c.) we pointed In 
lbe existence of monoclinic and hexagonal pyrrhotites al lbe metamorphosed pyrrho-
tite-pyritc deposit of Heľpa In lbe Xízke Tatry Mls. In lbe character of distribution 
ol both modifications in Heľpa certain differences between various parts nl' lbe deposit 
were observed. '1 be western deposit is formed by hexagonal as well as monoclinic 
pyrrhot i te ; the eastern one almost exclusively by monoclinic modification with spora­
dical relies ol lbe hexagonal. Monoclinic pyrrhoti te is also a typical representative of 
poor impregnation ores and accessory sulphides from rocks. 

In mightier sulphidic bodies hexagonal pyrrhotite shows a tendency to richer repre-
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• 2 

D* 

0 4 0 0.50 0 6 0 " 

Kig. 15. Distr ibut ion of Ni and Co in pyrr l io l i los. Variat ion according to microprobe analysis 
.1. K a n I (i ľ — .1. D u r k o v i f o V i l : I -- N i . 2 — Co. a — hexagonal p y r r h o l i t o ľ n m i 

< I c 1 x i s i t. I> — n ' l in i ľ i J > r i l i i •! i 1 c from deposit, i- — hexagonal pyrrhol i les. accessory, ľ ľom 
a i u p l i i l i o l i l c '•'> — Ni, f\ — Co, .'i/i — histograms oľ mixtures of monoclinic and hexagonal 

i l i f ications according to speelral analyses I ľ.. C a m b e l — ,1. .1 a r k n v s k ý I !)(>!)). 

s o n t n l i o n !n centra l p a r t s : 1111 > 11 < >c - i i 11 i i- p\ r r h o l i t c rather a l o n g t l ie m a r g i n s nl ore bodies. 

( I n lbe w h o l e lbe i i i o i i o e l i n i e v a r i e t y is p r e d o m i n a t i n g al lbe l l e l p a deposit . 

In lbe M a l é K a r p i i l y M l s . we have also f o u n d hexagonal as wel l as m o n o c l i n i c 

Iv po nl p y r r h o l i l e . P u r e l y m o n o c l i n i c p y r r h o t i l e is q u i t e rare here. I sua l ly a m i x t u r e 

of b o t h is f o u n d . In contrast lo H e ľ p a , in the M a l é K a r p a t y ores hexagonal p y r r h o t i l e 

is more d i s t i n c t l y represented. A p p a r e n l is here also ils replacement by later — mono-

c l i n i c t y p e . 

( oncliwioii 

l b e M a l é K a r p a l y p y r i t e deposits are considered as e x h a l a l i v e - s e d i m o n l a r y . gene­

t i c a l l y l i n k e d w i t h L o w e r Paleozoic s u b m a r i n e v o l e n n i s m of diabase character. S u l p h u r 

of b iogenic o r i g i n (negat ive iS : , / | values) is For ihe sulphides character is t ic . 

In parts w i t h inure intense p e r i p l u l o n i c m e t a m o r p h i s m of p r o d u c t i v e zones p y r r h o t i l e 

is ahunclanl. lv f o u n d . Il is u s u a l l y represented by both s t r u c t u r a l t y p e s : hexagonal and 

m o n o c l i n i c . 

P u r e l y m o n o c l i n i c p y r r h o l i l e s w i t h o u t a c c o m p a n y i n g hexagonal are q u i t e rare, ľ h e y 

were observed o n l y in poor, i m p r e g n a t i o n typos ol ore m i n e r a l i z a t i o n . 

I n c l u s i v e l y hexagonal types have not b i f o u n d so far as w e l l , beside w h i c h 

m o n o c l o n e types d i d not occur, al least in s u b o r d i n a t e a m o u n t s . 

Character ist ic of the M a l é K a r p a l y ore m i n e r a l i z a t i o n is the c o m m o n occurrence of 

b o t h s t r u c t u r a l types, w i t h the hexagonal p r e d o m i n a t i n g q u a n t i t a t i v e l y . M u t u a l rat io 

is very v a r i a b l e and v a r y i n g even in microscopic d i m e n s i o n s . 

( ) n the basis of X - r n v dal.ii the content of be in hexagonal p y r r h o l i l e s reached 

B o t h s t r u c t u r a l types also d i f f e r in the character of d i s t r i b u t i o n of N i . (lo and 

http://ahunclanl.lv
http://dal.ii
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o b v i o u s l y a l s o ol o i l i e r m i c r o o l o i n e n l s as ros 1111 of d i f f c r e n l g e n e l i c c o n d i t i o n s a n d 
s t r u c t u r e s : 

In h e x a g o n a l p y r r h o l i t o s . as a c o n s e q u e n c e of m o r e s l a b l o ľ-'ľ c o n d i l i o n s d u r i n g 
f o r m a t i o n , of o r d e r e d s t r u e l u r e s a n d m o r e e q u a b l e . .of fer" of Xi a n d Co. i b e i r c h e m i c a l 
c o m p o s i t i o n is m o r e s l a b l c . a n d l b e v a r i a t i o n r a n g e s of Xi a n d d o e o n l e n l s a r e re la t i ­
v e l y n a r r o w . 

M o n o e l i n i c pyn-liol i l .es . o n t b e e o n l r a r y . a r e m a r k e d b y g r e a t e r v a r i a b i l i t y in Xi 
a n d Co e o n l e n l s . T h i s fo l lows f r o m a l m n d a n l l a l l i e e d e f e e l s . l o w e r t h o r m n l i l y a n d 
\ a r i a b l e o i l e r ol XI. d o a n d I r a e e e l e m e n t s in g e n e r a l in t b e c o u r s e of l l ie ir f o n n a l i o n . 

Al l b e M a l é K a r p a t y d e p o s i t s I lie l a t e r f o r m a t i o n of m o n o e l i n i e p y r r h o l i t e is a p p a -
r e n l . s t a r l i n g f rom t h e m a r g i n s id' g r a i n s a n d f i s sures in t b e h e x a g o n a l t y p e of p y r r ­
h o l i t e . W e s u p p o s e t h a i ib i s a l l e r a l i o n look p l a c e b y t b e i d l e d of r e l a t i v e l y low-
l e m p e r a l u r e . p r o b a b l y c a r b o n a t e - b e a r i n g s o l u t i o n s on h e x a g o n a l p y r H i o l i l e s . A p a r i of 
b e w a s c a r r i e d a w a y a n d in lbe n e w l y f o r m e d m o n o e l i n i e p y r r b o t i t e s w h i c h a r c 
c h a r a c t e r i z e d b y l o w e r i ron e o n l e n l s a l s o a d i f f e r e n t p a l l e r n of m i c r o e l e m e n t s d i s t r i b u ­
t ion r e s u l t e d . 

T r a n s l a t e d by .1. P E V N Ý . 
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